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BACKGROUND OF THE INVENTION

Scan velocity modulation is known in beam deflection of
cathode ray tubes, and is employed to enhance the perceived
sharpness of the displayed picture. The basic concept of scan.
velocity modulation is the modulation of the horizontal scanning
velocity of the electron beam at a light to dark or dark to light image
transitions. For example, when a scan crosses a bright vertical bar on
a dark background, the objective is a display where the screen
brightness rises instantly to a maximum as the horizontal scan
crosses the bright vertical bar and then drops instantly to the
minimum level after passing the bar. However, the rise and fall
times of the electron beam current are not instantancous. In a
display without scan velocity modulation, there are shades of gray at
the transitions which blur the edges and are perceived as a
softening, or lack of sharpness.

' With bedm scan velocity modulation, circuitry is
provided to anticipate a transition in the luminance signal, and to
modify the horizontal scanning speed such that the beam is
accelerated at the dark area adjacent the tramsition, i.e., scanned at
a rate in excess of the -average scan rate. The time gained by this
acceleration of the beam is used on the bright side of the transition,
where the beam is decelerated to below the average écanning rate,
thus the total time taken to scan horizontal lines remains constant,
with the acceleration and deceleration canceling one another. The
effect of increasing the scanning beam velocity in the dark area
prior to the bright transition results in less beam current hitting the
phosphor and consequently less phosphor excitation which makes
the dark area darker. The slowed scanning velocity in the bright
area causes the beam to excite the phosphors for a slightly longer
period and results in an additional brightening immediately after
the transition. The overall effect of the velocity modulation at an
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rate, the perceived sharpness of image edges, and thus the “picture

s appears to be sharper and of greater resolution.

: The beam velocity modulation is applied using an
additional coil operable to modify the horizontal deflection of the
beam. The additional coil is driven with edge. transition
information extracted from the luminance video signal by a driver

10 circuit.

o

The SVM coil may be a flat wound laminated coil, which
in some earlier SVM applications was mounted on the purity/static
convergence magnet holder, to affect the electron beams after they
exit the focus (G4) grid of the electron gun. Printed circuit coils are

15 also known and these may be positioned under the static
convergence magnets or under the deflection yoke.

SVM coil placement in the immediate proximity of the
electron guns reduces the SVM coil field strength applied to the
electron beam. The electron guns normally include permeable

20 ferromagnetic material (e.g., steel) which tends to confine the SVM
field to the permeable material. The electron guns also include
non-ferromagnetié conductive material which dissipates the SVM
field by eddy current induction. In short, the ferrous and

C conductive material of the electron guns tend to partially dissipa;e

25 the SVM ficld and shield the electron beams from interaction
therewith. :

It is possible to combat adverse effects of shielding and
dissipation inherent in a particular SVM coil mounting location by,
for example, increasing the SVM drive curmrent, however this may

30 require improved performance current drivers, with increased
device dissipation. The number of coil turns may be increased to
achieve the desired SVM deflection sensitivity, however, this
increase in inductance may result in a reduction in the high
frequency performance of the SVM coil to a frequency below that

35 required by the spectral composition of the displayed signal.

SVM deflection sensitivity may be improved by positioning the
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to appear shar ffieldt istoenigth decreases in proportional the inverse of the spacing
~distance raised to a power. However, positioning, for example, on
the tube neck may result in mechanical mounting problems of the
5 other neck components which may be placed to overlap such an
SVM coil position. Thus any SVM coil positioned in contact with a
tube surface should have a minimized cross sectional dimension for

both the coil and the connections thereto.

10 SUMMARY OF THE INVENTION
o A cathode ray tube display with scanning beam velocity
' modulation comprises a cathode ray tube with a neck, and gun for
generating an electron beam. A deflection yoke is mounted on
cathode ray tube for electron beam deflection. A first flexible
15 support having a side for conductor fabrication and a second
flexible support having a side for conductor fabrication are
superimposed and wrapped to conform to the neck circumference.
A first coil pattern is formed as a conductor on the first support and
a second coil pattern is formed as a conductor on the second
- 20 support. A conductive connection couples the first coil pattern and
the second coil pattern. A connector couples scanmning velocity
modulation current to energize the first coil pattern and the second
coil pattern for scanning beam velocity modulation.

25 : BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1A shows an inventive embodiment of an SVM deflection
coil and placement. :
FIGURE 1B shows an alternative inventive SVM coil placement.
FIGURE 2A shows an exploded view of an inventive embodiment.
30 FIGURE 2B shows analternative inventive SVM coil placement.
FIGURE 3A shows the conductor patterns of an inventive
embodiment. ‘
FIGURE 3B shows a support layer for conductor fabrication.
FIGURE 3C is a cross section of the tube neck of FIG. 2 at C/C showing
3s circaumferential placement of conductor patterns.
FIGURE 3D is a magnified view at section line H/H of FIGURE 3C.
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5 FIGURE 4C shows a cross section view positioned as FIGURE 3D.

DETAILED DESCRIPTION
With reference to FIGURE 1A, a television picture tube is
arranged with an electron gun 40 at a rear end 32, which emits a
10. stream of electrons that are accelerated toward a phosphor screen
34 at the opposite or front end. The electrons are moving charges
and constitute a current, whereby the electrons are deflected by
incident magnetic fields. The electron beam is deflected at a
horizontal scanning rate to trace successive lines, and at a vertical
15 scanning rate to cause the successive lines to be vertically spaced
from one another on the screen. The scanning defines a raster
pattern which is repeated in interleaved fields or in progressive
scans of each successive line in turn.
The television picture or cathode ray tube has a funnel
20 shaped or flaring portion 38 between the electron gun rear end 32
and the screen 34. Deflection coils for vertical deflection and
horizontal deflection are mounted on a deflection yoke arrangement
on a funnel portion 38 of the tube, typically being wound on a
¢ plastic yoke form or liner 72. The vertical and horizontal deflection
25 coils are clongated along the funnel in a direction parallel to the
electron beam axis 42, and follow along the flaring surface 38 of the
tube. The vertical deflection windings are wrapped toroidally on a
magnetically permeable core and the saddle shaped horizontal
deflection windings are adjacent funnel 38 of the tube.
30 A flexible printed circuit scan velocity modulation (or
SVM) coil 50 is conformed to tube neck 30. In FIGURE 1A, scan .
velocity modulation coil 50 is positioned adjacent the tube neck
with a static convergence magnet system 52 overlapping. For
example, in a CRT which employs a PI 88 COTY M electron gun
3s assembly, the SVM coil is positioned over the main lens G5-G6 of
the assembly. The SVM coil is radially positioned to place the coil
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however this MBXih the horizontal deflection coils of yoke assembly 80

s overlapping, as shown in FIGURE 1B. An energizing current is |
coupled to coil 50, via a conductive connector 88, which resulits in
modulation of the horizontal deflection scanning velocity responsive
to displayed video edge transitions. The principal of scanning beam
velocity modulation and the derivation of the energizing current is

10 well known and consequently will not be explained.

FIGURE 2A shows an exploded partial view of cathode
ray tube funnel 38, neck 30 and gun structure 40. An inventive
embodiment where flexible scan velocity modulation coil 50 is
conformed to the tube neck surface at the same Z axis location as

15 the static convergence magnet 52. The connector conductor surface
88, is positioned on the Y axis and may be oriented to extend
towards the screen 34, or socket 32, as required by coupling to an
SVM drive amplifier, not shown. Positioning on the +Y or -Y axis
provides the correct angular placement of the coils which results in

20 optimum sensitivity. The static convergence magnet 52 is
positioned on the tube neck 30 at a Z axis position for achieving
static convergence and as such overlaps the SVM coil 50. FIGURE
2B shows an alternative neck location of SVM coil 50, positioned

C: adjacent the funnel 38, such as to be under the horizontal deflection

25 coils of yoke 80, which to illustrate SVM coil positioning, have been
omitted from FIGURE 2B. _

FIGURE 3A shows track and coil patterns which are
employed to fabricate electrical conductor layers L1 and L3. There
are various techniques for fabricating an electrical conductor

30 having a specific pattern. For example, it is possible to use a

printing method where a conductive ink or fluid is deposited on a

support layer to produce the required frack and coil patterns.

Conductive ink or fluid may be deposited by a spraying method

similar to that used in an ink jet printing system. A contact

35 printing technique may be used where a conductive ink or fluid
depicting the desired track and coil pattern is transfered to a
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conductor describing the desired track pattern.

In FIGURE 3A the track and coil patterns shown for loop
1 and loop 3, and loop 2 and loop 4 are very similar, such that
when formed as conductive layers Ll and L3 and positioned on a
support layer L2, the conductors of pattern P1 overlay similar ones
of pattern P3. For example, in FIGURE 3A, conductor A2, the center
conductor of loop 1 overlays conductor A'2 of loop 3, similarly for
loop 2, conductor B 2 with overlays B2, and so forth for loops 2 and
4, C2 with C'2 and D2 with D2,

FIGURE 3B shows the support layer L2. Electrical
connection between layer L1 and layer L3 is provided by
electrically conductive paths through the ‘support layer L2 at H10
and H20. These conductive paths conmect with layer L1 at points
H1 and H2, and layer L3 at points H11 and H21. Thas, coil loop 1 is
electrically connected in series with coil loop 3, and coil loop 2 is
electrically connected in series with coil loop 4. In this inventive
assembly, loop conductors of group A, namely Al-3 and A’l-3 are
overlaid in a multiple layer configuration, the field generated by six
conductors is advantageously produced in' a circumferential area
the same as that occupied by threc conductors of a single layer
configuration. Thus a required field strength for a given deflection
sensitivity may be generated by multiple coil layers within a
narrow chordal angle which advantageous optimizes the deflection
sensitivity for this SVM coil configuration. This advantageous
configuration also applies to the loop conductors of groups B, C, and
D, as shown in FIGURE 3C.

In FIGURE 3A, dimension M is the spacing between the
center conductors (suffixed 2 as shown), and is selected to be equal
to approximately one third of the tube neck circumference. This
approximate dimension must take into account the thickness of the
conductor layer L1 or L 3, plus the thickness of the support layer
L2. In this example of a coil pattern, the support layer L2 is
flexible and is formed into a cylinder of diameter equal to that of
the tube neck. When conformed with the tube surface this
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Be Iz%ced to overlap such an SVM coil position.
Thus any SVM coi | | ' tact with a tube surface should have a
m ni m zed cross segﬂmmmnﬁﬂinﬂmﬁ for both the coil and the connections
thereto. 10 MVARY OF THE | NVENTTON A cat hode ray tube

di splay with scanning beam vel ocity nodul at¥on conpri ses a cathode ray tube
with a neck, and gun for generating an el ectron beam A deflection yoke is
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‘wrapped to corfubenZt axishasndepicred i FIGERES3CA Mhesspasing betiweenntlies
formed as a qu&gﬂg} m, §§ él?oese];:' %Stpgsliﬁgﬂr Eheaqgops symmetrically about the
s tube Z axis such that conductors A2 and D2 are spaced
circumferentially to be the same as conductors B2 and C2. Thus,
with the track pattern shown in FIGURE 3A, and the radial
positioning shown in FIGURE 3C, a magnetic dipole field is
established on the tube Y axis, perpendicular to the both the X and
10 Z axes. This Y axis field results in horizontal or X axis deflection of
the Z axis electron beam. The selection of 120° conductor spacing
(- results in zero third harmonic field generation by the coil. Setting
the third harmonic of the SVM coil field to zero, eliminates the
possibility of SVM action producing deflection differentials between
15 the three electron beams, i.e. SVM operation will not result in
miscolored edges. .
FIGURE 3C is a radial section through the tube neck, and
for simplicity of illustration the gun structures within the neck
have been omitted and the thickness of the flexible coil system has
20 been exaggerated to provide additional clarity. Undeflected
electron beams are shown on the X axis of the tube symmetrically
positioned about the tube Z axis. The section is positioned such as
to cut through coil loop conductor groups A, B, C, and D. When the
_ support is conformed to the tube neck, and the center conductors
( 2s (suffix 2) are spaced as described earlier. The suffix 2 conductors
A2 and A2, and B2 and B'2 subtend an angle of 120° about the Z
axis as shown in FIGURE 3C. Similarly for conductors C2 and C'2,
and D 2 and D'2 which also subtend and angle of 120° about the Z
axis. The conformed support is positioned on the tube neck such
30 that the suffix 2 conductors are symmetrically positioned about the
"~ +Y and -Y axis. Furthermore, as a consequence of the dimensions
and placement of the loops on the support L2, the suffix 2
conductors will be symmetrically positioned about the +X and -X
axis. The physical placement of conductors 88 in the loop pattern is
35 used to provide a rotational reference for angular placement of the
conformed coils on the tube neck, this results in the desired




a second coil pattern is formed as a conductor on the second-20. support.
A conductive connection couples the first coil pattern and the second coil

pattern. A connector couples scanning vel ocity nodul atThi n Replaced
energize the first coil pattern and the second coil pat ng
beam vel ocity nodul ation. 25 Rl EF DESCRI

DRAW NGS FI GURE 1A shows an inventive enbodirent of an SVM defl ection coil
and placenment. FIGURE 1B shows an alternative inventive SVM coil placenent.

hove anal {or el TRt al BrRotige> br e [VETbAY o AIRRIDE Hiiupf apouf e 5
conduct or pat t BAFiQUST tUbe  #XESBat i ve enbodi nent. FI GURE 3B shows a support
llayer for conductor fabr F@URE.-3D is a2 magnified sectional view of FIGURE 3C
at the section line H/H. For simplicity of illustration, this view
5 ignores the conformance of the flexible support L2 and coil
conductor layers L1, L3 to the tube neck circumference. This
magnified cross section which shows the registered alignment of
conductors B1-3 and B'1-3. Electrical connection between layer L1
and layer L3 is provided by an electrically conductive path through

10 the support layer L2 which connects to layer 1 at pad Hl, and layer
2 at pad H11. Deflection sensitivity of this inventive flexible SVM
coil system is advantageously enhanced by wrapping the flexible
SVM coil system around the circumference of the tube neck. Thus
the coil system is in contact with the glass and as close as possible

16 to the electron beams.

Advantageously, deflection sensitivity is further
enhanced by the 120° angular placement of the Z axis center
~ conductors A2-A'2, B2-B'2, C2-C2, D2-D'2. By locating the
conductors at 120° the field produced by the coil system has zero

20 third harmonic component. With zero third harmonic field, more
useful SVM deflection of beams results, since SVM drive current
does not generate third order fields which would produce
unwanted differential deflection of the outer electron beams
relative to the center.

25 Deflection sensitivity is further enhanced by the
positioning of the coil layers such that the Z axis conductors, Al-3
and A'l1-3, B1-3 and B'1-3, C1-3 and C'1-3, D1-3 and D'1-3 overlap.
FIGURE 3D shows the registered overlapping alignment of
conductors B1-3 and B'1-3. This feature constrains the

30 circumferential field to approximately that of a single layer. Thus,
the third order field remains at zero but since the coil loops are
connected in series the inductance is increased in proportion to the
number of turns squared.

Multiple layer coil systems may be constructed to

35 achieve a desired inductance value without compromising the

desirable requirement for zero third harmonic field generation.

P



FIGURE 3C is a cross section of the tube neck of FIG 2 at O C show ng 35
circunferenti al plﬂg% f conductor patterns. FIGURE 3D is a nmagnified
view at section Iin : 3C: 4 FlI GURE 4A shows a first

conductor pattern g er of an alternative inventive enbodi nent.
FI GURE 4B shows a sle pattern and support |ayer of an

alternative inventive enbodi rrent 5 FI @JRE 4C shows a cross section view
positioned as FI GURE 3D. DETAI LED DESCRI PTION Wth reference to Fl GURE 1A,

a tel evisi GrUREA4A [sHdws 2 coil pattern which is formed as a conductor as a
first layer of multiple layer coil system. The dimensional
parameters are as described earlier. The coil pattern P1 of FIGURE
4A is formed as conductive layer 1 on support layer L10.

s Conductive connecting holes HI10 and H20 extend through the
support layer L10. FIGURE 4B shows a coil pattern P3 of a further .
layer of multiple layer coil system, where energizing current is
coupled to coil loops 3 and 4 by conductors 88. Coil pattern P3 is
formed as a conductive layer L3 on support layer L20. Support

10 layers L10 and L20 are superimposed such that H10 and H20 are
aligned with pad contact areas H1l and H21. Following alignment
the conductive holes and contact pads are conductively joined, the
support layers may also be attached one to the other. The
assembled multi layer coil is shown in magnified cross section in

15 FIGURE 4C, (section located as described for FIGURE 3C). FIGURE 4C
shows the alignment of group B conductors, conductive holes and
pads, which are superimposed such that conductor B 1 overlays
conductor B'l etc.

The inventive SVM coil assembly may be fabricated by
20 many methods however, photo lithographic techniques employing
photo sensitive conductor layers on a flexible support layer offer
savings in material costs and considerable savings in manufacturing
tooling and assembly costs. For example, wound SVM coils require

- winding machines and coil support structures, and additionally the

25 wire must be terminated to provide connection. Other printed
circuit coils exist having wire connections. to the coils, these cross
each coil loop to a central feed point. However, such wire
connections are undesirable since they increase the cross sectional
dimension of the coil, and represent a further operational

30 manufacturing step and additional cost.

The inventive SVM coil system was fabricated on a
flexible support layer with a coil pattern layer formed on each side.
The performance SVM coil system was evaluated under the
following conditions:

3s Tube type 27 V.

Electron gun PI 88, COTY M.



arranged with an electron gun 40 at a rear end 32, which - enits a..10 stream
of electrons that are accelerated toward a phosphor screen 34 at the
opposite or front end. The el ectrons are -novi ng charges 38| laced
current, whereby the electrons are defl ected by incident .
The el ectron beamis deflected at a horizontal scanning r

successive lines, and at a vertical 15 scabhing rate to cause the
successive lines to be vertically spaced from one another on the screen.
The scanning defines a \grejg gAktern which is repeated in interl eaved

fields or in progressive scans of each successive line in turn. The
t el evision picture or cgt‘qhﬁjélqﬁky digmstaras 29mmnnel 20 shaped or flaring

portion 38 between the &f¢led rpull wakry%nﬁnd(biakamgpgg 87" @R f20m base).

et ecti on col e 107, veRuRleot b bffe WA mla b pasec ! | o011 01 1€
5 The SVM coil system has the following specifications : ‘
conductor width - : 0.8 mm
conductor spacing : 0.5 mm
conductor thickness :8-10u M
_ support thickness : 0.125 mm
10 ' turns per loop 3, two layers
inductance (at 1 KHz) :3.8puH

- ~ resistance 178 Q
Deflection sensitivity: '
DC deflection sensitivity in center : 2.75 mm /A
15 AC drive signal, 1 Amp pulse, 100 ns rise and fall times
AC deflection sensitivity in center : 0.73mm /A,



on a funnel portion 38 of the tube, typically being wound on a plastic yoke
formor liner 72. Th vertlcal and hori zontal deflection 25 <coils are (f

el ongated al ong the t| on parallel to the electron beam
axis 42, and follow a ng surface 38 of the tube. The vertica
defl ection w ndings a oidally on a magnetically perneabl e core
and t he saddl e shaped hor| zont aI defl ecti om.wi ndi ngs are adjacent funnel 38
of the tube. 30 A flexible printed circuit scan velocity

nodul ation ( .i.s conformed to tube neck 30. In FI GURE 1A,
At SRt

scan velocity P‘f 50 is positioned adjacent the tube neck with
a static convergende magneatixyde aay5tube edisplay rwith Fscanmingpbeami vebodii

whi ch enpl oys CQ! tron gun 35 assenbly, the SVWMcoil is
posi ti oned Ovrerfocﬂ]laﬁ%n Heﬁhg "6 of the assenbl \1/‘ The SVM coil is

radial |y positioned to pl%aibodﬂeraaoitmbe having a neck (30) and gun (40) for
s generating an electron beam (42);
a deflection yoke (80) mounted on said cathode ray
tube for electron beam (42) deflection;
Characterized by a flexible layer (L2) having a first side
(L1) and a second side (I.3) for conductor fabrication, being
10 wrapped to conform to a circumference of said neck (30);
a first coil pattern (P1) formed as a conductor in
f ) contact with said first side (L.1) and a second coil pattern (P3)
formed as a conductor in contact with said second side (L3);
conductive holes (H10, H20) coupling via said layer
15 (L2), pads (H1, H2) on said first coil pattern (P1) on said first side
(L1) and pads (H11, H21) on said second coil pattern (P3) on said
second side (L3); and
a connector (88) for coupling scanning velocity
modulation current for energizing said first coil pattern (P1) and
20 said second coil pattern (P3) for scanning beam velocity
modulation.

2.  The apparatus of claim 1, characterized in that said first

coil pattern conductor (P1) and said second coil pattern conductor
E » L d - -
25 (P3) further comprise conductors formed in a plurality of concentric
loops.

3.  The apparatus of claim 1, characterized in that said first
coil pattern conductor (P1) and said second coil pattern conductor
30 (P3) arc dimensionally similar such that when in superimposed said
first coil pattern (P1) and said second coil pattern (P3) overlay.

4.  The apparatus of claim 1, characterized in that said
flexible layer (L2) is conformed and positioned on said tube neck
35 (30) under a static electron beam convergence device (52).

‘A R B



5 conductors which are parallel to the tube Z axis, symetrically about the
tube X axis. The scan velocity nodul ation coil 50 nay al

positioned tube neck 30 adjacent the funnel 38, with the Q&‘ih;’seﬂ nl@e faced
deflection coils of yoke assenbly 80 5 overlapping, as sh l

An energizing current is coupled to coil 50, via a conduc 88
which results in nodul ati on of the horizonf2 deflection scannlng vel ocity
responsive to displayed video edge transitions. The principal of scanning

beam vel ocity nodul t|o d ri r t is 10
wel | known and cons ‘quen (@ Qéé}ﬁaﬂ%t Og H@i& gl' lbarag&?{&dz Iﬂgﬂﬁv faid
flexible layer (L2) is conformed and positioned on said tube neck

(30) under a deflection yoke (80).

5 6. A cathode ray tube display with scanning beam velocity
modulation comprising:
a cathode ray tube having a neck (30) and gun (40) for
generating an electron beam (42);
a deflection yoke (80) mounted on said cathode ray
10 tube for electron beam (42) deflection;
characterized by a first flexible layer (LL10) having a
f side for conductor formation, and a second flexible layer (L20)
having a side for a conductor formation, said first (1.10) and second
(20) flexible layer being superimposed and wrapped to coaxially
15 conform to a circumference of said neck (30); |
a first coil pattern (P1) formed as a conductor (Ll) in
contact with said first flexible layer conductor formation side and a
second coil pattern (P3) formed as a conductor (L3) on said second
flexible layer conductor formation side;

20 conductive holes (H10, H20) couple pads (HI, H2) on
said first coil pattern conductor (L1) and pads (H11, H21) on said
second coil pattern conductor (L3) through said first flexible layer
(L10); and

. a connection (88) coupling scanning beam velocity
C 25 modulation current to said first coil (L'1) and said second coil (L3)
for scanning beam velocity modulation.

7. The apparatus of claim 6, characterized in that said first
coil pattern conductor (L1) and said second coil pattern conductor
30 (L3) further comprise conductors formed in a plurality of concentric
loops.

8. The apparatus of claim 6, characterized in that said first
coil pattern conductor (L1) and said second coil pattern conductor
35 (L3) are dimensionally similar such that when superimposed, said

A
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FI GURE 2A shows an expl oded partial view.of cathode ray tube funnel 38,
néck 30 and gun structure 40. An inventive enbodi ment where flexible scan

vel ocity nodul athm,s(ggdeiﬂ,ggeén dormed to the tube neck surface at the
sane Z axis Iocatlo ﬂ tatic convergence magnet 52. The connector

conductor surface 8 ed on the Y axis and may be oriented to
extend towards the socket 3 3as required by coupling to an
SVM drive anplifier, not shovvn Posi ti oni ng on the +Y or -Y axis provides
the correct angular placement of the coils which results in 20 optinmm

sensitivity. fifte ceilapattermnoondietor (iHynand Seaidsseomid icoik pasterhhe t ube

over | aps 1 he QAIGR B3 Bl 58 Fous “an al ter nat | ve neck |ocation of
SWM coi |l 50, positioned adjacent the funnel 38, such as to be under the
horizontal deflect9on The apparatus of claim 6, characterized in that said
5 . wrapped flexible Iayer is positioned on said tube neck (32) under a
static electron beam convergence device (52).

10. The apparatus of claim 6, characterized in that said
wrapped flexible layer is positioned on said tube neck under a
10 deflection yoke (80).

11. The apparatus of claim 7, characterized in that said neck
(30) and gun (40) define a Z axis of said cathode ray tube, said coil
- pattern conductor loops on said layer conforming to said neck
15 circumference such that a part of said loops are parallel with said Z
axis.

12. The apparatus of claim 11, characterized in that said

part of said loops that are parallel with said Z axis have dimensions
20 - such to locate the parallel part at a circumferential angle of +120
degrees and symmetrical about a Y axis orthogonal to said Z axis.

13. The apparatus of claim 12, characterized in that the
C parallel part of said loops is positioned circumferentially to be
25 symmetrical about an axis orthogonal to said Z axis and said Y axis.

14, The apparatus of claim 11, characterized in that said
conductor coil pattern loops are rectangular with a pair of sides of
said rectangle parallel with said Z axis.

30
15. The apparatus of claim 14, characterized in that said
. rectangular dimensions locate said pair of sides at a circumferential
angle of +120 degrees and symmctncal about said Y axis orthogonal
to said Z axis.

W



25 coils of yoke 80, which to illustrate SVYM coil positioning, have beenf—
omtted fromFI GURE 2B. FI GURE 34 shows track and c01'—| patterns Wnich areC/

enpl oyed to fabricate electrical conductor |ayers
various techniques for fabricating an el ectrical co |ng a
specific pattern. For exanple, it is possible to us I t hod

where a conductive ink or fluid is depositetl4on a s pr oduce
the required-track and coil patterns. Conductive ink or f|UId nay be
deposited by a spraying nethod simlar to that used in an ink jet printing
system A contact 35 printing techni ue ma be used where a conductive ink
or fluid depicting the desiredBSERA DNYENTION transfered to a
A cathode ray tube display thh scanning beam velocity modulation
comprises a cathode ray tube with a neck (30), and gun (40) for
generating an electron beam (42). A deflection yoke (80) is
5 mounted on the cathode ray tube for electron beam deflection. A
first flexible support (L10) having a side for conductor fabrication
and a second flexible support (L20) having a side for conductor
fabrication are superimposed and wrapped to conform to the neck
circumference. A first coil pattern (P1) is formed as a conductor
10 (L1) on the first conductor fabrication side and a second.coil pattern
(P3) is formed as a conductor(L3) on the second conductor
) fabrication side. A conductive connection (H10 H20) couples
' " between the first coil pattern (P1) and the second coil pattern (P3).
A connector (88) couples scanning velocity modulation current to
15 energize said first coil pattern (P1) and said second coil pattern (P3)
for scanning beam velocity modulation.
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6 support layer. It is also well known to enploy a conductor |ayer where &
the conductor is selectively renoved with the remai ni ng conduct or g .
describing the desired track pattern. Jq4,FI GURE 3A the track and coi
patterns shown for |oop 5 1 and loop 3, and loop 2 and |l oop 4 are very
such that when formed as conductive |ayers L1 and L3 and

simlar,
positioned on a suppori-=ayer L2, the conductors of pattern Pl overlay
simlar ones of pattgrn{P3] r exanple, in FIGURE 3A, conductor A2, the
center conductor of lfoop 1L ovew ays conductor A'2 of loop 3, simlarly for
10 loop 2, conductof Bj2 wmth Qverlays B 2, and so forth for |oops 2 and
4, C2 with C2 and D wth D 2. YWl GURE 3B shows the support |ayer L2.
El ectri cal : .
34—
& <
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38
|
[y = m
FIG. 1A il 2w
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1 - / 52

R
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connecti on between layer L1 and layer L3 is provided by electrically
conductive paths through the support layer L2 at H10 15 and H20. These
conductive paths connect with |ayer jlge gt points HL and H2, and |ayer L3 at

poi nts H11 and H21. Thus, coil loop 1 is electrically connected in series
with coil loop 3, and coil loop 2 is electrically connected in series with
coil loop 4. In this inventive assenbly, |oop conductors of group A nanely

Al-3 and A'1-3 are 20 overlaid in a nultiple layer configuration, the
field generated by six conductors is advantageously produced in a
circunferential area the sane as that occupied by three conductors of a
single layer configuration. Thus a required field gth for a given
defl ection sensitivity nay be generated by nul ti A
narrow chordal angle which advant ggeous optiniz:(
sensitivity for this SYMcoil con ation_ Thi%
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configuration also applies to the | oop conductors of groups B, C, and D, as
shown in FIGURE 3C. In FIGURE 3A, dinension Mis the spacing between the 30
center conductors (suffixed 2 as shown), and is selected to be equal to
approximately one third of the tubezeck circunference. This approxi mate

di rensi on nust take into account the thickness of the conductor layer L1 or
L 3, plus the thickness of the support layer L2. In this exanple of a coi
pattern, the support IayFr L2 is gS fleéible andlis formed into a cylinder
of diameter equal to fihat™o € Neck: en grbflorrred w th the tube

1-B1 C1

surface this 7 A2 -4 1
a3—1H oort I8 Cz“jl ooe2 [ P
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M o TG
electlon of dinmension Mresults, in the center conductors A2 and B2, at
each side of loop 1, subtending an angle of 120[err] about the tube Z axis,
as depicted in FIGURE 3C. The spacingopetmeen the loops, m is chosen to
position the | oops symetrically about®*the 5 tube Z axis such that
conductors A2 and D2 are spaced circunferentially to be the same as
conductors B2 and C2. Thus, with the track pattern shown in FI GURE 3A, and
the radial positionin stunManthURqu0F-q“n---et|c dipole field is
establ i shed on the t# ; e 3 both the X and 10 Z
axes. This Y axis fi & | i myls g flection of the Z
axi s el ectron beam mrelqel@Pt) ﬁacing results in
zero third harnonic fie tlng the third
har moni ¢ of the SVM possibility of. SYM
action produci ng de

| ection dgfferentiélsHb t ween
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I5 the three electron beans, i.e. SVMoperation wi. II not result '

n‘lscol ored edges. FIGURE 3C is a radial section: tlrough the t ube- neck -and®
f*or sinplicity of illustration the gun structures W thi'n.the" neck have beeh

onmtted and the thickness of the flexible coil sygtei has 20 been: _
exaggerated to provide additional clarity.1 Undeflect éd -el ect r on"beans ar e~
shown on the X axis of the tube symmetrically positioned about the tube Z
axis. The section is p05|t|oned such as to cut through coil” 1 oap. e[mfﬁuctor

groups A, B, C and D VhdREXBIEAMKILIAR YOEFBERTIONCONe tibe neck, -And-—

the center conductors Zi‘hlésﬁfvﬁhﬁog)re@ites %Baﬂﬁ',dffb?dd%Qfehﬁﬁ%cﬁﬁ‘Wéfl@&%The
suffix 2 conduct(? ubtend an an [err]

and
about the Z aff® t@HoMPFWtEF Cf‘iﬁEcﬁéO%Sl A aﬂ‘ﬁ? fi{ﬁp dfls C2 and
C 2, and D 2 pagtionlarwi @h fikdxibles conductonnmlixiligtye delﬂc]:ﬁ@naboul the z

5
BACKGROUND OF THE INVENTION

Scan velocity modulation is known in beam deflection of
cathode ray tubes, and is employed to enhance the perceived
sharpness of the displayed picture. . The basic concept of scan

10 velocity modulation is the modulation of the horizontal scanning
velocity of the electron beam at a light to dark or dark to light image
transitions. For example, when a scan crosses a bright vertical bar on
a dark background, the objective is a display where the screen
brightness rises instantly to a maximum as the horizontal scan

15  crosses the bright vertical bar and then drops' instantly to the
minimum level after passing the bar. However, the rise and fall
times of the electron beam current are not instantaneous. In a
display without scan velocity modulation, there are shades of gray at
the transitions which blur the edges and are perceived as a

20. softening, or lack of sharpness.

With beam scan velocity modulation, circuitry is
provided to anticipate a transition in the luminance signal, and to
modify the horizontal scanning speed such that the beam is
accelerated at the dark area adjacent the tramsition, i.e., scanned at

25 a rate in excess of the average scan rate. The time gained by this
acceleration of the beam is used on the bright side of the transition,
where the beam is decelerated to below the average scanning rate,
thus the total time taken to scan horizontal lines remains constant,
with the acceleration and deceleration canceling one another. The

30 effect of increasing the scanning beam velocity in the dark area
prior to the bright transition results in less beam current hitting the
phosphor and consequently less phosphor excitation which makes
the dark area darker. The slowed scanning velocity in the bright
area causes the beam to excite the phospho}s for a slightly longer

35 period and results in an additional brightening immediately after
the transition. The ovcrall effect of the velocxty modulation at an

;.
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axis. The confornmed support is positioned on the tube neck such 30 that
the suffix 2 conductors are symetrically positioned about the +Y and -Y
axis. Furthernore, as a consequence of the dinensions and pl acenent of the
| oops on the support L2, the suffix 2 conductors will be symetrically
positi oned about the +X and -X axis. The phaysical placenent of conductors
88 in the loop pattern is 35 wused to provide a rotational reference for
angul ar pl acenept of the conforned coils on the tube neck, this results in
the desired °‘&%3}F\4Péﬂ‘i‘9'éa‘ls 0 L3888 ntheofranpidions 19 orpPeas nEhaspes thaw uifs

about the varismanntdbet axeénstant rate. At transitions from a light background
to a dark area the process is reversed. The net effect is to increase
the perceived sharpness of image edges, and thus the picture
5 appears to be sharper and of greater resolution.

The beam velocity modulation is applied using an
additional coil operable to modify the horizontal deflection of the
beam. The additional coil is driven with edge transition
information extracted from the luminance video signal by a driver

10 circuit. '

The SVM coil may be a flat wound laminated coil, which
in some earlier SVM applications was mounted on the purity/static
convergence magnet holder, to affect the electron beams after they
exit the focus (G4) grid of the electron gun. Printed circuit coils are

15 also known and these may be positioned under the static -
convergence magnets or under the deflection yoke.

SVM -coil placement in the immediate proximity of the
electron guns reduces the SVM coil field strength applied to the
electron beam. The electron guns normally include permeable

20 ferromagnetic material (e.g., steel) which tends to confine the SVM
field to the permeable material. The electron guns also include
non-ferromagnetic conductive material which dissipates the SVM
field by eddy current induction. In short, the ferrous and
conductive material of the electron guns tend to partially dissipate

25 the SVM field and shield the electron beams from interaction
therewith.

It is possible to combat ‘adverse effects of shielding and
dissipation inherent in a particular SVM c¢oil mounting location by,
for example, increasing the SVM drive current, however this may

30 require improved performance current drivers, with increased
device dissipation. . The number of coil turns may be increased to
achieve the desired SVM deflection sensitivity, however, this
increase in inductance may result in a reduction in the high
frequency performance of the SVM coil to a frequency below that

35 required by the spectral composition of the displayed signal.
SVM deflection sensitivity may be, improved by positioning the
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FIGURE 3D is a magnified sectional view of FIGURE 3C at the section |line
HHK For sinplicity of illustration, this view5 ignores the conformance
of the flexible support L2 and coil conductor layers L1, L3 to the tube
neck circunference. This magnified cross section which shows the registered
al i gnment of conductors Bl1-3 and B 1-3. Bl ectrical connection between

| ayer L1 and layer L3 is provided by an electrically conductive path

t hrough 10 the support |ayer L2 whjich connects to layer 1 at pad Hl, and
layer 2 at padvi¥1coibeds glaseons possible o tthe glecpr beamnsingg MagRett ¢ SVM

coi | system i fieRilvairéidROdecrEaSer 3R CHbpoYLivRAP Bhé dnvBfsel bEXiHe gpadilkCoi |
system around,t he circunference of t gt b he coil,systemis

ube neck.. Thus
in contact w SHWEE Sfised 19,4 ROWEF-os HONEVELs PPpitioning, f%r £XEMRl¢ PP on.
beanms. Advant Higedube yneakefrhay tiesultsimanedhanigali mountinige problems of the

5 other neck components which may be placed to overlap such an
SVM coil position. Thus any SVM coil positioned in contact with a
tube surface should have a minimized cross sectional dimension for
both the coil and the connections thereto.

10 SUMMARY OF THE INVENTION
A cathode ray tube display with scanning beam velocity

modulation comprises a cathode ray tube with a neck, and gun for
generating an electron beam. A deflection yoke is mounted on
cathode ray tube for electron beam deflection. A first flexible

15 support having a side for conductor fabrication and a second
flexible support having a side for conductor fabrication are
superimposed and wrapped to conform to the neck circumference.
A first coil pattern is formed as a conductor on the first support and
a second coil pattern is formed as a conductor on the second

20 support. A conductive connection couples the first coil pattern and
the second coil pattern. A connector couples scanning velocity
modulation current to energize the first coil pattern and the second
coil pattern for scanning beam velocity modulation.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1A shows an inventive embodiment of an SVM deflection
coil and placement.
FIGURE 1B shows an alternative inventive SVM coil placement.
FIGURE 2A shows an exploded view of an inventive embodiment.
30 FIGURE 2B shows analternative inventive SVM coil placement.
FIGURE 3A shows the conductor patterns of an inventive
embodiment. |
FIGURE 3B shows a support layer for conductor fabrication.
FIGURE 3C is a cross section of the tube neck of FIG. 2 at C/C showing
3s circumferential placement of conductor patterns.
FIGURE 3D is a magnified view at section line H/H of FIGURE 3C.
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enhanced by the 120[err] angul ar placement of the Z axis center conductors
A2-A 2, B2-B'2, C2-C2, D2-D 2. By locating the conductors at 120[err], the
field produced by the coil systemhas zero 20 third harnonic conponent.
Wth zero third harnmonic field, nore useful SVM defl ection of beans
results, since SYMdrive current does not generate third order fields which
woul d produce unwanted differential deflection of the outer electron beans
relative to the center. 25 Defl ection sensitivity is further
enhanced by t HIGHRE i4hishews at figstc oonducage pattstr fandh suppare 1Zyerxiof an
conductors, Alalfeddiv® linvenBive3 éMBoBimesy, Cl-3 and C1-3, D1-3 and D 1-3
overlap. FI QU 0, he regi stered oyerl appi ng al ignnment of conductors
B1-3 and B' 1- ?ﬁ@@f&t%&%énﬁ%ﬂngq tan Paé‘ﬁahﬂﬂeﬁmqf&llai’?fel"(ﬁ to
appr oxi mat el y amaaltefnative niziventirgerembddinment.

5 FIGURE 4C shows a cross section view positioned as FIGURE 3D.

DETAILED DESCRIPTION
With reference to FIGURE 1A, a television picture tube is
arranged with an clectron gun 40 at a rear end 32, which emits a

10 stream of electrons that are accelerated toward a phosphor screen
34 at the opposite or front end. The electrons are moving charges
and constitute a current, whereby the electrons are deflected by
incident magnetic fields. The electron beam is deflected at a
horizontal scanning rate to trace successive lines, and at a vertical

15 scanning rate to cause the successive lines to be verticaily spaced
from one another on the screen. The scanning defines a raster
pattern which is repeated in interleaved fields or in progressive
scans of each successive line in turn.

The television picture or cathode ray tube has a funnel

20 shaped or flaring portion 38 between the electron gun rear end 32
and the screen 34. Deflection coils for vertical deflection and
horizontal deflection are mounted on a deflection yoke arrangement
on a funnel portion 38 of the tube, typically being wound on a
plastic yoke form or liner 72. The vertical and horizontal deflection

25 coils are elongated along the funnel in a direction parallel to the
electron beam axis 42, and follow along the flaring surface 38 of the
tube. The vertical deflection windings are wrapped toroidally on a
magnetically permeable core and the saddle shaped horizontal
deflection windings are adjacent funnel 38 of the tube.

30 A flexible printed circuit scan velocity modulation (or
SVM) coil 50 is conformed to tube neck 30. In FIGURE 1A, scan
velocity modulation coil 50 is positioned adjacent the tube neck
with a static convergence magnet system 52 overlapping. For
example, in 2 CRT which employs a PI 88 COTY M electron gun

35 assembly, the SVM coil is positioned over the main lens G5-G6 of
the assembly. The SVM coil is radially positioned to place the coil
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the third order field remains at zero but since the coil |oops are
connected in series the inductance is increased in proportion to the nunber
of turns squared. Multiple |ayer coil systens may be constructed to 35

achi eve a desired inductance val ue w thout conprom sing the desirable
requirement for zero third harnonic field generation. 9 FI GURE 4A shows
a coil pattern which is fornmed as a conductor as a first layer of multiple

cor | pattern’ PEOBYURERRRER pLE TARE B0 Gontie 2 &y SRECa o i |
| ayer L10. about the tube X axis. The scan velocity modulation coil 50 may
alternatively be positioned tube neck 30 adjacent the funnel 38,
with the horizontal deflection coils of yoke assembly 80
5 overlapping, as shown in FIGURE 1B. An energizing current is
coupled to coil 50, via a conductive connector 88, which results in
modulation of the horizontal deflection scanning velocity responsive
to displayed video edge tramsitions. The principal of scanning beam
velocity modulation and the derivation of the energizing current is
10 well known and consequently will not be explained.

FIGURE 2A shows an exploded partial view of cathode
ray tube funnel 38, neck 30 and gun structure 40. An inventive
embodiment where flexible scan velocity modulation coil 50 is
conformed to the tube neck surface at the same Z axis location as

15 - the static convergence magnet 52. The connector conductor surface
88, is positioned on the Y axis and may be oriented to extend
towards the screen 34, or socket 32, as required by coupling to an
SVM drive amplifier, not shown. Positioning on the +Y or -Y axis
provides the correct angular placement of the coils which results in

20 optimum sensitivity. The static convergence magnet 52 is
positioned on the tube neck 30 at a Z axis position for achieving
static convergence and as such overlaps the SVM coil 50. FIGURE
2B shows an alternative neck location of SVM coil 50, positioned
adjacent the funnel 38, such as to be under the horizontal deflection

25 coils of yoke 80, which to illustrate SVM coil positioning, have been
omitted from FIGURE 2B.

FIGURE 3A shows track and coil patterns which are
employed to fabricate electrical conductor layers L1 and L3. There
are various techniques for fabricating an electrical conductor

30 having a specific pattern. For example, it is possible to use a
printing method where a conductive ink or fluid is deposited on a
support layer to produce the required track and coil patterns.
Conductive ink or fluid may be deposited by a spraying method
similar to that used in an ink jet printing system. A contact

35 printing technique may be used where a conductive ink or fluid
depicting the desired track and coil pattern is transfered to a
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5 Conducti ve connecting holes H10 and H20 extend t hrough the support

| ayér L10. FI GURE 4B shows a coil pattern P3 of a further layer of multiple
| ayer coil system where energizing current is coupled to coil |oops 3 and
4 by conductors 88. Coil pattern P3 is forfred as a conductive |layer L3 on
support |ayer L20. Support 10 layers L10 and L20 are superinposed such

that HIO and HEgpdte 1@ydionayl i il PRANCRAGHE! 1P eiiflof 4 @&muv'égqr idydr! ow ng

alignment the c ucj1ve holes and contact pads are Conducti .J"ol ned,
the support | ayB¢E 559 SPRANGIRT Jst SeIREHVelte TEMAVEA Sl rtheTFemaliingh| od
multi |ayer ccddndm«sthairbimijﬂicf id@diredoaache?httem.i n 15 FIGURE 4C,

(ectt o Located =5, desgy RAcuRR. A LBl ool ol
such that &onducngr lepl 3p\and lgep Gomaddeop 4 arecvery similar, such that
: when formed as conductive layers L1 and L3 and positioned on a
support ‘layer L2, the conductors of pattern Pl overlay similar ones
of pattern P3. For example, in FIGURE 3A, conductor A2, the center
conductor of loop 1 overlays conductor A'2 of loop 3, similarly for
1o loop 2, conductor B 2 with overlays B2, and so forth for loops 2 and
4, C2 with C'2 and D2 with D'2.

FIGURE 3B shows the support layer L2. Electrical
connection between layer L1 and layer L3 is provided by
electrically conductive paths through the support layer L2 at H10

15 * and H20., These conductive paths connect with layer L1 at points
H1 and H2, and layer L3 at points H11 and H21. Thus, coil loop 1 is
electrically connected in series with coil loop 3, and coil loop 2 is
electrically connected in series with coil loop 4. In this inventive
assembly, loop conductors of group A, namely Al-3 and A'l-3 are

20 overlaid in a multiple layer configuration, the field generated by six
conductors is advantageously produced in a circumferential area
the same as that occupied by three conductors of a single layer
configuration. Thus a required field strength for a given deflection
sensitivity may be generated by multiple coil layers within a

25 -narrow chordal angle which advantageous optimizes the deflection
sensitivity for this SVM coil configuration. This advantageous
configuration also applies to the loop conductors of groups B, C, and
D, as shown in FIGURE 3C.

In FIGURE 3A, dimension M is the spacing between the

36 center conductors (suffixed 2 as shown), and is selected to be equal
to approximately one third of the tube neck circumference. This
approximate dimension must take into account the thickness of the
conductor layer L1 or L 3, plus the thickness of the support layer
L2. In this example of a coil pattern, the support fayer L2 is

35 flexible and is formed into a cylinder of diameter equal to that of
the tube neck. When conformed with the tube surface this
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The inventive SVYMcoil assenbly may be fabricated by 20 nany net hods
however, photo |ithographic techniques enploying photo sensitive conductor
| ayers on a flexible support |ayer offer savings in material costs and
consi derabl e savings in manufacturing tooling and assenbly costs. For
exanpl e, wound SVM coils require w nding nmpchines and coil support
structures, and additionally the 25 wre nust be termnated to provide

the coi 1o, nelRH Bl ot imEldibt' M aghuls ot The 1Rhield el 62 4l *°
such wire con2t abeschridemfeslaogoile subtendingiap anglecok d 20R aboug the
sectional di nr{gps oA a&fis,t!ﬂ@_dgpidted JAIFTGURES ST  THeUspdedip eewedd ehel 30
nanufacturlnglsgeg and.a%gbt onal cost . Ihellgvegtlve S) COIb %y?%en1was
fabricated on !80PPefbit CUOSERO PAFition,the, loops, sympstrically abest the neq on
each side. s tube Z axis such that conductors A2 and D2 are spaced
circumferentially to be the same as conductors B2 and C2. Thus,
with the track pattern shown in FIGURE 3A, and the radial
positioning shown in FIGURE 3C, a magnetic dipole field is
established on the tube Y axis, perpendicular to the both the X and
10 Z axes. This Y axis field results in horizontal or X axis deflection of
the Z axis electron beam. The selection of 120° conductor spacing
results in zero third harmonic field generation by the coil. Setting
the third harmonic of the SVM coil field to zero, eliminates the
possibility of SVM action producing deflection differentials between
15 the three electron beams, i.e. SVM operation will not result in
miscolored edges.
FIGURE 3C is a radial section through the tube neck, and
for simplicity of illustration the gun structures within the neck
have been omitted and the thickness of the flexible coil system has
.20 been exaggerated to provide additional clarity. Undeflected
electron beams are shown on the X axis of the tube symmetrically
positioned about the tube Z axis. The section is positioned such as
~ to cut through coil loop conductor groups A, B, C, and D. When the
support is conformed to the tube neck, and the center conductors
25 (suffix 2) are spaced as described earlier. The suffix 2 conductors
A2 and A2, and B2 and B'2 subtend an angle of 120° about the Z
axis as shown in FIGURE 3C. Similarly for conductors C2 and C2,
and D 2 and D'2 which also subtend and angle of 120° about the Z
axis. The conformed support is positioned on the tube neck such
30 that the suffix 2 conductors are symmetrically positioned about the
+Y and -Y axis., Furthermore, as a consequence of the dimensions
and placement of the loops on the support L2, the suffix 2
conductors will be symmetrically positioned dbout the +X and -X
axis. The physical placement of conductors 88 in the loop pattern is
35 used to provide a rotational reference for angular placement of the
conformed coils on the tube neck, this results in the desired
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The performance SVM coil system was eval uated under the follow ng
conditions: 35 Tube type 27 V. Electron gun PI 88, COTY M
EHT 30 KV. Tube neck di aneter 29mm Yoke pull back 3 nm (back of yoke 87 mm
frombase). SVMcoil front edge 84 mmfrombase. 5 The SVMcoil system
has the follow ng specifications conductor &i dth : 0.8 mm conduct or
spaci ng : 0.5 nmm
symmetrical placement of the various conductor groups about the
various tube axes.

FIGURE 3D is a magnified sectional view of FIGURE 3C
at the section line H/H. For simplicity of illustration, this view

5 ignores the conformance of the flexible support L2 and coil
conductor layers L1, L3 to the tube neck circumference. This
magnified cross section which shows the registered alignment of
conductors B1-3 and B'l-3. Electrical connection between layer L1
and layer L3 is provided by an electrically conductive path through

10 the support layer L2 which connects to layer 1 at pad Hl, and layer
2 at pad H11. Deflection sensitivity of this inventive flexible SVM
coil system is advantageously enhanced by wrapping the flexible
SVM coil system around the circumference of the tube neck. Thus
the coil system is in contact with the glass and as close as possible

15 to the electron beams.

Advantageously, deflection sensitivity is further
enhanced by the 120° angulaes placement of the Z axis center
conductors A2-A'2, B2-B'2, C2-C'2, D2-D'2. By locating the
conductors at 120° the field produced by the coil system has zero

20 - third harmonic component. With zero third harmonic field;, more
useful SVM deflection of beams results, since SVM drive current
does not generate third order fields which would produce
unwanted differential deflection of the outer electron beams
relative to the center.

25 . Deflection sensitivity is further enhanced by the

" positioning of the coil layers such that the Z axis conductors, Al-3
and A'l1-3, B1-3 and B'1-3, C1-3 and C'1-3, D1-3 and D'1-3 overlap.
FIGURE 3D shows the registered overlapping alignment of
conductors B1-3 and B'l-3. This feature constrains the

360 circumferential field to approximately that of a single layer. Thus,
the third order field remains at zero but since the coil loops are
connected in series the inductance is increased in proportion to the
number of turns squared. ’

Multiple layer coil systems may be constructed to

35 achieve a desired inductance value without compromising the
desirable requirement for zero third harmonic field generation.
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conductor thickness : 8-10 [err] M support thickness : 0.125 nmm 10
turns per loop 3, two layers inductance (at 1 KHz) : 3.8 [err]H resistance
:*»1.78 [err] Deflection sensitivity: DC deflection sensitivity in center:
2.75 mm/A 15 AC drive signal, 1 Amp pulse, 100 ns rise and
fall times AC deflection sensitivity in cegter 0.73nm/A. What is
claimed is: 1. A cat hode ray tube display with scanning beam velocity

FIGURE 4A shows a coil pattern which is formed as a conductor as a
first layer of multiple layer coil system. The dimensional
parameters are as described earlier. The coil pattern Pl of FIGURE
4A is formed as conductive layer 1 on support layer L10.

5 Conductive connecting holes H10 and H20 extend through the
support layer L10. FIGURE 4B shows a coil pattern P3 of a further
layer of multiple layer coil system, where energizing current is
coupled to coil loops 3 and 4 by conductors 88. Coil pattern P3 is
formed as a conductive layer L3 on support layer L20. Support

10 layers L10 and L20 are superimposed such that H10 and H20 are
aligned with pad contact areas H11 and H21. Following alignment
the conductive holes and contact pads are conductively joined, the
support layers may also be attached one to the other. The
assembled multi layer coil is shown in magnified cross section in

15 FIGURE 4C, (section located as described for FIGURE 3C). FIGURE 4C
shows the alignment of group B conductors, conductive holes and
pads, which are superimposed such that conductor B 1 overlays
conductor B'l etc.

The inventive SVM coil assembly may be fabricated by
20 many methods however, photo lithographic techniques employing
photo sensitive conductor layers on a flexible support layer offer
savings in material costs and considerable savings in manufacturing
tooling and assembly costs. For example, wound SVM coils require
winding machines and coil support structures, and additionally the

25 wire must be terminated to provide connection. Other printed
circuit coqils exist having wire connections to the coils, these cross
each coil loop to a central feed point. However, such wire
connections are undesirable since they increase the cross sectional
dimension of the coil, and represent a further operational

30 manufacturing step and additional cost.
The inventive SVM coil system was fabricated on a
flexible support layer with a coil pattern layer formed on each side.
The performance SVM coil system was evaluated under the
following conditions:
35 Tube type 27 V.
Electron gun PI 88, COTY M.
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nmodul ati on conprising: a cathode ray tube having a neck (30) and gun (40)
for 5 generating an electron beam (42); a deflection yoke (80) nounted
on said cathode ray tube for electron beam (42) deflection; Characterized
by a flexible layer (L2) having a first side (L1) and a second side (L3)
for conductor fabrication, being 10 wappgd to conformto a circunference
of said neck (30); a first coil pattern (P1l) fornmed as a conductor in
contact with said firSt&ﬁ%ﬂ%ngé) and a second coil pattern (P3) forned as
a conductor in contact ‘second side (L3); conductive holes (H10,
H20) coupling via said [Taper nébk( didmetpads29hih H2) on said first coil

pattern (PL)“on sai d {1 RalyStR bhck) 3P BoackH yolR 47 Wb Hosh 5510

coil pattern (P3) on sai .
SVM coil front edge 84 mm from base.

5 The SVM coil system has the following specifications :

conductor width : 0.8 mm
conductor spacing : 0.5 mm
conductor thickness 810 M
support thickness : 0.125 mm
10 turns per loop 3, two layers
inductance (at 1 KHz) :3.8 uH
resistance . 1 L78Q

Deflection sensitivity:
DC deflection sensitivity in center : 2.75 mm /A
15 AC drive signal, 1 Amp pulse, 100 ns rise and fall times
AC deflection sensitivity in center : 0.73mm /A.
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sécond side (L3); and a connector (88) for coupling scanning velocity
nmodul ation current for energizing said first coil pattern (Pl) and 20 said
sécond coil pattern (P3) for scanning beam vel oci ty nodul ation. 2. The
apparatus of claim 1, characterized in that said first coil pattern
conductor (Pl) and said second coil patterqfconductor_ZS (P3) further
conprise conductors forned in a plurality of concentric |oops. 3. The
appar at us of im, 1, chargcterized in that said first coil pattern
conduct or (P1) isaflaimed dsd coi| pattern conductor 30 (P3) are

di mensi onal |y sini|hr suthcdthede wasgn tibe Sdiﬁgra;y”m&ﬁ@cﬁﬂﬁﬁgf beshn SRldcity
pattern (Pl) a'ﬁg‘ﬁ?%t%'?e&g‘%gﬁ&? . pattern (P3) overlay. 4. The appar-at us
c

of claim 1, aracteri ze 't said .
a cathode ray tube having a neck (30) and gun (40) for

5 generating an electron beam (42);

a deflection yoke (80) mounted on said cathode ray
tube for electron beam (42) deflection;

Characterized by a flexible layer (L2) having a first side
(L1) and a second side (I.3) for conductor fabrication, being

1o wrapped to conform to a circumference of said neck (30);

a first coil pattern (P1) fox;med as a conductor in
contact with said first side (L1) and a second coil pattern (P3)
formed as a conductor in contact with said second side (L3);

conductive holes (H10, H20) coupling via said layer
15 (L2), pads (H1, H2) on said first coil pattern (P1) on said first side
(L1) and pads (H11, H21) on said second coil pattern (P3) on said
second side (L3); and

a connector (88) for coupling scanning velocity
modulation current for energizing said first coil pattern (P1) and

20 said second coil pattern (P3) for scanning beam velocity
modulation.

2.  The apparatus of claim 1, characterized in that said first
coil pattern conductor (P1) and said second coil pattern conductor
25 (P3) further comprise conductors formed in a plurality of concentric
loops. :

3.  The apparatus of claim 1, characterized in that said first
coil pattern conductor (P1) and said second coil pattern conductor
30 (P3) are dimensionally similar such that when in superimposed said
first coil pattern (P1) and said second coil pattern (P3) overlay.

4.  The apparatus of claim 1, characterized in that said
flexible layer (L2) is conformed and positioned on said tube neck
35 (30) under a static electron beam convergence device (52).
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f1exible layer (L2) is conforned and positioned on said tube neck 35 (30)
under a static electron beam convergence device (52). 12 5. The
dpparatus of claim 1, characterized in that said flexible layer (L2) is
conformed and positioned on said tube neck (30) under a deflection yoke
(80). 5 6. A cat hode ray tube difﬁlay W th scanni ng beam vel ocity
nodul ation conprising: a cathode ray tube having a neck (30) and gun (40)

for generating an el ectron beam (422_; a, defl ection yoke (80Q) nounted on
sai d cathode ray 3 The apparatus of claim 1, characterized in that said

flexible layer (L2} is conformed and positioned on said tube neck
(30) under a deflection yoke (80).

5 6. A cathode ray tube display with scanning beam velocity
modulation comprising:
a cathode ray tube having a neck (30) and gun (40) for
. generating an electron beam (42);
a deflection yoke (80) mounted on said cathode ray
10 tube for electron beam (42) deflection;
characterized by a first flexible layer (L10) having a
side for conductor formation, and a second flexible layer (L20)
having a side for a conductor formation, said first (L10) and second
(20) flexible layer being superimposed and wrapped to coaxially

15 conform to a circumference of said neck (30);

a first coil pattern (P1) formed as a conductor (L1) in
contact with said first flexible layer conductor formation side and a
second coil pattern (P3) formed as a conductor (L.3) on said second
flexible layer conductor formation side;

20 conductive holes (H10, H20) couple pads (Hl, H2) on
said first coil pattern conductor (L.1) and pads (H11, H21) on said
second coil pattern conductor (L.3) through said first flexible layer
(L10); and

a connection (88) coupling scanning beam velocity

25 modulation current to said first coil (L1) and said second coil (L3)

for scanning beam velocity modulation.

7.  The apparatus of claim 6, characterized in that said first
coil pattern conductor (L1) and said second coil pattern conductor
30 (L3) further comprise conductors formed in a plurality of concentric
loops. o

8. The apparatus of claim 6, characterized in that said first

coil pattern conductor (L1) and said second coil pattern conductor
35 (L3) are dimensionally similar such that when superimposed, said

_— Thig is the replacament shqet
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10 tube for electron beam (42) deflection; characterized by a first

fl1exi ble layer (L10) having a side for conductor formation, and a second
f1exi ble layer (L20) having a side for a conductor formation, said first
(L10) and second (20) flexible |ayer being superinposed and w apped to
coaxially 15 conform to a circunference of said neck (30); a first coil
pattern (Pl1) forned as a conductor (L1) id3contact with said first flexible
| ayer conductor formation side and a second coil pattern (P3) formed as a

conductor (L3)g n aﬁd side; 20
conductive hol é&@ Ié-‘%dpﬁ%ﬁ QOM ég’l s&%%&%&@%lé rst&@m | pattern
conductor (L1)¢ cﬁ%rds( 19"5 X) on sai d second coil pattern conduct or
(L3) through said first flexible layer (L10); and

9.  The apparatus of claim 6, characterized in that said
5 wrapped flexible layer is positioned on said tube neck (32) under a
static electron beam convergence device (52).

10. The apparatus of claim 6, characterized in that said
wrapped flexible layer is positioned on said tube neck under a
10 deflection yoke (80).

11. The apparatus of claim 7, characterized in that said neck
(30) and gun (40) define a Z axis of said cathode ray tube, said coil
pattern conductor loops on said layer conforming to said neck
15 circumference such that a part of said loops are parallel with said Z *
axis.

12. The apparatus of claim 11, characterized in that said

part of said loops that are parallel with said Z axis have dimensions
20 such to locate the parallel part at a circumferential angle of +120
degrees and symmetrical about a Y axis orthogonal to said Z axis.

13. The apparatus of claim 12, characterized in that the
parallel part of said loops is positioned circumferentially to be
25 symmetrical about an axis orthogonal to said Z axis and said Y axis.

14. The apparatus of claim 11, characterized in that said
conductor coil pattern loops are rectangular with a pair of sides of
said rectangle parallel with said Z axis.

15. The apparatus of claim 14, characterized in that said
rectangular dimensions locate said pair of sides at a circumferential
angle of +120 degrees and symmetrical about said Y axis orthogonal
to said Z axis.
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a-connection (88) coupling scanning beamvelocity 25 nodul ation current to
said first coil (L1) and said second coil (L3) for scanning beam velocity
nmodul ation. 7. The apparatus of claim®6, characterized in that said first
coil pattern conductor (L1) and said second coil pattern conductor 30 (L3)
further conprise conductors forned in a pldfality of concentric | oops. 8.
The apparatus of claim®6, characterized in that said first coil pattern

conductor (L1) and sai d SEEERBLEAPXLEIARY n"DEBRBGEION S3IL (|1 3) are
di rensionally simlar such thﬁh?ﬁ{%ﬁ?ﬁ?ﬁ@%ﬁw 13

A cathode ray tube display with scanning beam velocity modulation
comprises a cathode ray tube with a neck (30), and gun (40) for
generating an electron beam (42). A deflection yoke (80) is

5 mounted on the cathode ray tube for electron beam deflection. A
first flexible support (L10) having a side for conductor fabrication
and a second flexible support (L20) having a side for conductor
fabrication are superimposed and wrapped to conform to the neck
circumference. A first coil pattern (P1) is formed as a conductor

1o (L1) on the first conductor fabrication side and a second coil pattern
(P3) is formed as a conductor(L3) on the second conductor
fabrication side. A conductive connection (H10 H20) couples
between the first coil pattern (P1) and the second coil pattern (P3).
A connector (88) couples scanning velocity modulation current to

15 energize said first coil pattern (P1) and said second coil pattern (P3)
for scanning beam velocity modulation.

Figure 4a, 4b and 4c

This is the repiacament showt

Date:- = 9 Jy 1996



fi'rst coil pattern conductor (L1) and said second coil pattern conductor
(L3) overlay. 9. The apparatus of claim 6, characterized in that said 5
wr apped flexible |ayer is positioned on said tube neck (32) under a static
el ectron beam convergence device (52). 10. The apparatus of claim 6,
characterized in that said wapped flexible layer is positioned on said
tube neck under a 10 deflection yoke (80)4s 11. The apparatus of claim?7,
characterized in that said neck (30) and gun (40) define a Z axis of said
cat hode ray tube, said coil pattern conductor |oops on said |ayer
conformng to said neck 15 circunference such that a part of said | oops
are parallel with sai g 473X 12. The apparatus of claim 11,
characterized in thatf sgid \\

|
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part of said |oops that are parallel with said Z axis have di nensi ons 20
such to locate the parallel part at a circunferential angle of [err]120
degrees and synmetrical about a Y axis orthogonal to said Z axis. 13. The
apparatus of claim 12, characterized in that the parallel part of said

| oops is positioned circunferentially to be 25 symetrical about an axis
orthogonal to said Z axis and said Y axi4/4 14. The apparatus of claim 11,
characterized in that said conductor coil pattern |oops are rectangul ar
with a pair of sides of said rectangle parallel with said Z axis. 30 15.
The apparatus of claim 14, characterized in that said rectangul ar

di mensions |locate said pair of sides at a circunferential angle of [err] 120
degrees and synmetrical about said Y axis orthogonal to said Z axis.
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